At present, photovoltaic poverty alleviation is an important measure for the implementation of precise poverty alleviation in the country. It also promotes the development and utilization of renewable energy. The economics of photovoltaic power generation project is the main factor in making investment decisions, and it is also the basis for the state to formulate relevant policies. The economics of the photovoltaic power generation project is affected by many factors such as resource conditions, equipment costs, and on-grid electricity prices. The economic indicators have large differences between different periods and regions. Summarizing the form of rural electric energy replacement, considering the indirect benefits brought by the implementation of electric energy replacement in poverty alleviation areas, this paper establishes the investment income model of photovoltaic power generation project, and uses the national economic evaluation method to measure and analyze the economic indicators of photovoltaic power generation project. And this paper carries out the sensitivity analysis of equipment price and electricity price, proposes the economic development trend of photovoltaic power generation and evaluates the potential of electric energy replacement.
INTRODUCTION
With environmental protection, mature technology and stable income, photovoltaic power generation is not only suitable for building household and village-level small power stations, but also suitable for building large-scale centralized power stations. It can also carry out a variety of "photovoltaic+" applications in combination with agriculture and forestry. Therefore, photovoltaic poverty alleviation can be carried out according to local conditions in areas with better light resource conditions. This not only conforms to the strategy of precision poverty alleviation and precision poverty alleviation, but also conforms to the national clean low-carbon energy development strategy; this is not only conducive to expanding the photovoltaic power generation market, but also conducive to the stable income increase of the poor [1] . Therefore, PV poverty alleviation has become one of the "Ten Precision Poverty Alleviation Project" implemented by the State Council Poverty Alleviation Office, and is also a poverty alleviation project recommended by the National Energy Administration and the State Council Poverty Alleviation Office [2] [3] .
In order to promote the development of photovoltaic power generation and related industries, the state still adopts financial subsidies to support photovoltaic power generation project, and subsidizes the sales price of photovoltaic power generation project to increase the economic benefits of photovoltaic power generation. With the advancement of photovoltaic power generation technology and the decline of related equipment prices, the cost of photovoltaic power generation has also been decreasing, and its economic indicators have changed. In order to achieve the healthy development of the photovoltaic industry, the state financial subsidies have also been adjusted. For the poverty alleviation project implemented in poverty-stricken areas, the state has given priority subsidies to ensure that poverty alleviation project benefits the poor.
At present, rural energy use is still dominated by traditional methods. Coal, fuelwood, and straw are used in a large proportion. This is neither environmentally friendly nor good for improving production and quality of life. Electricity in photovoltaic poverty alleviation areas is relatively surplus. Therefore, these areas have the prerequisites and broad space for implementing electric energy replacement. The replacement of electric energy can speed up the adjustment of energy structure and promote the proportion of clean energy consumption. At present, China is gradually entering a new stage of replacing traditional fossil energy with new energy and renewable energy. Regardless of the development trend, the actual requirements, or the analysis of technical conditions, electric energy replacement is an important trend in the replacement of terminal energy. Promoting terminal energy replacement with electrification improvement and electric energy replacement as the main direction is in line with China's basic national conditions [4] [5] . Full consideration of the impact of electric energy replacement in the economic analysis and evaluation of photovoltaic power generation will help the state to formulate relevant policies to promote electric energy replacement and promote the application of electric energy replacement in the transformation of energy consumption.
Economics of distributed generation is an important factor affecting its development potential. Literature [6] [7] [8] makes an in-depth analysis of the economics of distributed generation and establishes an economic evaluation model. This paper analyzes the various costs and benefits of photovoltaic poverty alleviation power generation project, and establishes a cost-benefit model for photovoltaic poverty alleviation power generation project that considers the alternative energy benefits, and compares the national economic evaluation indicators of the project under the alternative energy method. And this paper conducts sensitivity analysis on the factors affecting the evaluation index of the national economy, provides effective theoretical support for evaluating the potential of photovoltaic poverty alleviation engineering and promoting the promotion and application of electric energy replacement, and provides a reference for policy formulation.
COSTS AND BENEFITS OF PV PROJECT
Photovoltaic poverty alleviation project is a special type of distributed photovoltaic power generation. Its costs and benefits are affected by resource conditions, the photovoltaic industry and the operation of the grid. When analyzing the contribution of photovoltaic power generation to the development of the whole country and society, it usually adopts the national economic evaluation method, considers the costs and incomes of the project, removes transfer payments such as subsidies, fiscal taxes, and interest, and measures its national economic evaluation indicators.
PV Project Costs
When adopting the national economic evaluation, the cost of the photovoltaic power generation project includes direct costs such as equipment purchase investment, power station construction cost, operation and maintenance cost, and indirect costs such as grid connection costs and grid backup costs brought by photovoltaic access.
The national economic cost of photovoltaic power generation can be expressed as:
WhereCpv is the equipment cost such as photovoltaic modules; Ccon is the construction and installation cost of the power station; Crun is the operation and maintenance cost of the project; Cgrid is the photovoltaic grid connection cost; Cs is the grid backup cost.
For photovoltaic power generation facilities of different scales, the equipment costs mainly include the purchase cost of photovoltaic cell components, brackets, inverters, DC collection lines, AC lines, transformers, information collection terminals and other equipment. These devices form a fixed asset that can be partially recycled at the end of the project's operational period.
The construction and installation cost of the power station and the operation and maintenance cost of the project is the expenses incurred during the construction and operation of the project and are consumable expenditures.
The photovoltaic grid connection cost varies with the form of access. Generally, the higher the access voltage level, the higher the grid connection cost. The cost of accessing the public line to the public grid is higher than the cost of the access user side, but usually does not exceed 30% of the power station construction cost. The grid backup cost is to ensure the load power supply demand, and the investment construction is added on the grid side to provide the standby power supply and the corresponding voltage level grid facilities.
With the development of photovoltaic industry and technological progress, the cost of photovoltaic equipment is declining, and the change of power grid dispatching mode has enhanced the ability to cope with distributed power sources, and the cost of grid backup is also decreasing year by year. Taking the social welfare of poverty alleviation project into account, the labor costs and operation and maintenance costs will be reduced as much as possible in the construction and operation. By means of entrustment, the grid companies will operate and maintain on their behalf to increase the income of the poor.
PV Project Benefits
The benefits of photovoltaic generation project include direct benefits and indirect benefits. The main source of direct benefits is the sales benefit of power generation. In the financial evaluation, government subsidies are also added. When the national economic evaluation is adopted, government subsidies cannot be included in the income. The fuel, equipment and environmental benefits that replace traditional power generation should be included in the benefits.
The indirect benefits of photovoltaic power generation include replacing the benefits of conventional primary power generation (saving fossil fuels), reducing the benefits of carbon emissions, reducing the benefits of pollutant emissions, using distributed power generation on site to save transmission cost benefits, promoting the development of related industries and so on. Its national economic income can be expressed as:
Where Pe is the power generation benefit, Pf is the benefit of saving primary energy, Pcn is the benefit of reducing carbon emission, Ph is the benefit of reducing pollutant emission, and Px is the benefit of reducing transmission loss and other benefits.
Power generation benefit is affected by the electricity price, and the average electricity price is currently used as the benchmark price for the income measurement. In view of the current power generation energy consumption structure in China, the benefit of saving primary energy is mainly considered to replace the income from coal-fired power generation, and based on this, the benefit of reducing carbon emission and pollutant emission is measured. The pollutant discharge mainly considers the treatment cost of sulfur oxides and nitrogen oxides generated in the traditional power generation process or the desulfurization and denitrification costs generated.
Due to the current cost-effective transmission of distributed power generation access and the promotion of related industries, the benefits are not easy to quantify. Therefore, this paper has not included it in the calculation of the example.
FORM AND BENEFIT ANALYSIS OF ELECTRIC ENERGY REPLACEMENT

Form of Electric Energy Replacement
The replacement of electric energy is a change in the way of energy consumption implemented on the electricity side. The use of electricity instead of traditional energy sources, such as coal, fuel oil, fuelwood and so on, is an important means to promote the use of clean energy. There are several ways to implement electric energy replacement in rural areas.
TO REPLACE COAL WITH ELECTRICITY
At present, the proportion of coal in rural production and residents' daily energy consumption is still large. According to the "China Rural Energy Consumption Upgrading Study" written by the Institute of Agricultural Economics and Development of the Chinese Academy of Agricultural Sciences, almost all farmers in China use the energy consumption combination of "electricity + coal + straw + fuelwood". Among them, coal has an absolute advantage in quantity. Most farmers use coal as the main source of energy for cooking or heating in their lives. At the same time, agricultural production and urban catering enterprises also extensively burn coal, and generate a large amount of slag and soot, which has an impact on the rural environment.
The implementation of replacing coal with electricity in rural areas can greatly reduce the use of coal. It cannot only balance the excess power of photovoltaic power generation on the spot, but also effectively improve the living environment in rural areas, contribute to the prevention and control of atmospheric pollution, and give the society a beautiful village with green mountains and waters.
TO REPLACE OIL WITH ELECTRICITY
In the past, agricultural irrigation mainly used "oil irrigation" -diesel generators for pumping irrigation. In the agricultural irrigation, replacing oil with electricity is to use electric water pump instead of an oil pump for pumping irrigation. From the perspective of vigorously developing green and environmentally friendly ecological agriculture, replacing electric pumps with electric pumps is conducive to saving resources and protecting the environment. From the perspective of improving farmers' income, replacing electric pumps with electric pumps is beneficial to reducing agricultural production costs.
After the implementation of the wells in the rural areas, it is convenient to implement agricultural irrigation without the need to purchase and store oil. The safety risk is small and the operation control is convenient and quick. By adjusting the irrigation period and making full use of the surplus power of photovoltaic poverty alleviation power generation, it can increase the proportion of PV on-site consumption, reduce power transmission loss, and improve grid operation.
TO REPLACE FIREWOOD WITH ELECTRICITY
Rural firewood is mainly concentrated in residents' catering, special production and livestock breeding. Although fuelwood and straw have low cost, the energy density is also low. It needs to be used in a large amount, and it takes time and effort to collect the storage.
After the electricity is replaced by firewood, a large amount of straw is returned to the field, which not only eliminates the air pollution caused by straw burning, but also increases the yield of the land. Straw returning can improve soil structure, promote crop growth, and reduce the use of chemical fertilizers. It is of great significance for improving the production and use efficiency of land and maintaining the normal ecological cycle in rural areas. According to statistics, the effect of straw returning to the field to increase fertilizer production is very significant, generally increasing production by 5%-10%.
Benefit Analysis of Electric Energy Replacement
After the implementation of electric energy replacement in rural poverty alleviation areas, it will help to reduce environmental pollution and carbon emissions brought about by the use of traditional fuels, promote agricultural production and income, save primary energy such as coal and improve energy consumption structure.
The income of electric energy replacement is mainly reflected in the indirect benefits of the project. In the national economic evaluation, its net income can be expressed as:
Where Pfr is the benefit of saving primary energy; Pcnr is the benefit of reducing carbon emission; Phr is the environmental benefit generated by pollutant emission control, which means the benefit of reducing pollutant emission; Pag is the agricultural production benefit generated by rural electric energy replacement.
The equipment transformation investment added by electric energy replacement is usually included in the enterprise's production cost and personal life consumption. Some electric energy replacement project can also receive government subsidies, so they are not included in the assessment. Saving primary energy costs, carbon emission costs, and pollutant discharge treatment costs are all equivalent according to the corresponding substitutes. Agricultural production income needs to take the increase in production of agricultural products and the reduction in the use of chemical fertilizers into account.
When considering the indirect benefits generated by electric energy substitution, the national economic benefits of photovoltaic poverty alleviation project can be expressed as:
Considering the current rural energy consumption structure, the benefit of saving primary energy, the benefit of reducing carbon emission and the benefit of reducing pollutant emission are all equivalent to the alternative coal. The composition of the energy replacement income calculation is the same as the indirect benefit generated by the power generation, which can be expressed as:
It can be seen from equation (5) that after the implementation of electric energy replacement, the energy saving and emission reduction benefits generated by photovoltaic power generation is doubled, the resources and environmental benefits are reflected on both the power generation and the power consumption side, the industry additional income is generated. It has played a greater role in the national economy. 
SIMULATION RESULTS
PV Project Costs
This paper takes the project of a certain area in Hubei Province as an example to conduct national economic analysis and evaluation of photovoltaic poverty alleviation project. The installed capacity of the photovoltaic power station is 6MWp, the power station latitude is 30.5°, the annual horizontal plane radiation is 4039 MJ/m2, the annual average sunshine hours is 1600h, and the equivalent peak utilization hours is 1234 h. The cost of the main equipment includes: the unit price of the photovoltaic cell module is 4 ￥ / W, and the unit price of the inverter is 0.5 ￥ / W. Photovoltaic poverty alleviation uses rural collective idle land without land cost. The PV project construction and operation costs are shown in Table I .
Among the total costs, the main equipment investment of photovoltaic cell modules, inverters and brackets accounts for a large proportion. Considering the local consumption of photovoltaics through dispatching can reduce the grid backup cost. This paper calculates the spare capacity fee according to 3000 ￥/kW.
PV Project Benefits Considering Electric Energy Replacement
The benefits of PV project include direct income and indirect income. Direct income is mainly the sales revenue; indirect benefits include the benefit of saving primary energy, the benefit of reducing carbon emission, the benefit of reducing pollutant emission, electric energy replacement benefit and other benefits. Among them, the electricity price is approximated to the average electricity price and converted into a shadow electricity price, about 0.55 ￥ / kWh. Considering the factors such as photovoltaic cell temperature, loss, and inverter efficiency in the calculation of annual power generation, the efficiency coefficient is 85%, and the first year's power generation is 10075 MWh, other year's power generations are calculated by declining 20% of the 25-year power generation. The benefits of saving primary energy, reducing carbon emission and reducing pollutant emission are calculated according to coal-fired power generation, which is respectively 0.3 ￥ /kWh, 0.08 ￥/kWh, and 0.05 ￥ /kWh. Electric energy replacement benefit is estimated according to the equation (3) and the overall cost is 0.5 ￥/kWh. The benefits of PV project are shown in Table II. After calculation, without the benefit of electric energy replacement, the net present value of the photovoltaic power generation project is about 5 million ￥, and the investment recovery period is about 20 years. It only has the rationality of the national economy and the income status is not ideal. When considering benefit of electric energy replacement, the net present value of photovoltaic power generation project is about 59 million ￥, the investment recovery period is about 8 years, and the project economic indicators are significantly improved. 
Item
Benefit converted to unit power generation (￥/kWh)
The sales benefit of power generation. 0.55
The benefit of saving primary energy, 0.3 The benefit of reducing carbon emission, 0.08 The benefit of reducing pollutant emission 0.05 Total(withoutthe benefit of electric energy replacement) 0.88 The benefit of electric energy replacement 0.5 Total (withthe benefit of electric energy replacement)
1.43
Sensitivity Analysis
From the analysis of the costs and benefits of PV project, there are many factors affecting economic indicators. With the social development and technological progress, some cost and benefit factors will undergo trend changes which are of great significance for evaluating the prospects of the project. Considering the development of the photovoltaic industry and the utilization of energy, the PV module price and electricity price are selected as variables to make the project economic sensitivity factor, and the impact on the project economic indicators is quantitatively analyzed. The benefit of electric energy replacement is not included in the analysis, which is shown in Table III .
As shown in Table 3 , electricity prices and PV module prices are still important factors affecting the economics of photovoltaic power generation projects. The price of photovoltaic modules has a downward space within a certain range. At the same time, as the cost of fossil fuels rises, the country's increasing carbon emission and pollutant emission limits will lead to an increase in the cost of traditional power generation. There is still room for further improvement. 
CONCLUSIONS
Photovoltaic poverty alleviation is an important measure to develop renewable energy and benefit the poor. However, under the current equipment cost and electricity price level, the economy is not ideal. It is only suitable for construction in areas with good resource conditions. In the areas of PV project, the use of surplus power to implement electric energy replacement can produce significant indirect economic benefits, improve the overall economic level of photovoltaic power generation, and effectively eliminate electricity on the spot. Under the situation of increasingly tight resources and environment, the implementation of photovoltaic poverty alleviation power generation in the vast rural areas combined with electric energy replacement has very realistic economic and social benefits.
